A pipeline project normally not only covers a large geographic range, but also deals with a variety of data sources, such as geological, geographical, environmental, engineering and socioeconomic data. GIS has proven to be the effective approach to integrating, managing and analyzing these heterogeneous data sources. Due to the nature of pipeline applications, the third dimension of geospatial data is of considerable importance for pipeline planning, construction and maintenance. There is an increasing demand for the development of a 3-D GIS for pipeline applications.
INTRODUCTION of large volumes of spatial data over the network.
Secondly, data interoperability becomes more important since web-based systems require the access of heterogeneous data sets that are stored and managed by various computer systems with different operating systems or database management engines. The data model and the date format could vary from system to system. Thirdly, platform-independent ability is a basic necessity in order to make the access possible through multiple client platforms across the Internet.
There are numerous benefits that a web-based 3D GIS can bring in. The ability to bring the visualization to the web alone can be considered as a significant technical advance. Traditionally, these functions can only be used or accessed through high-end workstations or graphicenhanced computers. In addition, a web-based system will dramatically increase the accessibility of geospatial information. Moreover, not just data sources, but also 3-D computing and manipulating functions can be accessed through the Internet. Finally, it is a web-based GIS with that collaborative decisions can be made by management team members whose offices can also be distributed. This benefit is of particular importance to a large pipeline project that covers a large area related to multiple landowners and different government sections. From the pipeline industry point of view, the real benefactors from web-based 3D GIS will be pipeline operating companies, which will experience enhanced capabilities and productivity as well as more efficient operations (Toffer,1998).
KEY WEB_BASED 3D GIS TECHNOLOGIES
Web-based 3D GIS integrates 3D GIS, Internet and 3D visualization technologies. It involves research issues such as 3D data structures, 3D rendering techniques, and distributed spatial analysis.
These issues are common in both desktop-based 3D GIS and web-based 3D GIS. However, the way to model, handle and manipulate the Geospatial 3D data is different.
Web-based 3D GIS takes great advantage of distributed computing and makes use of networked computing resources to support distributed on-line computation.
In the following sections, only unique techniques in the development of web 3D GIS will be addressed.
2.1
Platform-independent 3D Web Visualization Visualization of 3D geo-objects on the web is basic to a web-based 3D GIS. The data sources and applications must be accessed through web browsers on client machines connected to the Internet.
Platform-independence is a fundamental requirement.
There are several techniques that are purely object-oriented and applicable to support platform independent construction of a 3D visualization system, for example, VRML97, Java and Java3D API. Java is comparable to other high level programming language such as C++, but it is different in compilation strategy.
The Java source code is compiled into a platformindependent byte code that can be downloaded and interpreted at run time by Java Virtual Machine (JVM) included in the popular web browsers, such as Internet Explorer and Netscape, to create a Java-enabled platform. Therefore, Java with its design philosophy of "Write once, run anywhere" is becoming the predominant programming language for the web. Java3D API (Java 3D API Collateral) is the extension of Java for displaying 3D graphics and provides a cross-platform web-enabled interface to OpenGL and DirectX.
The scene graph architecture of Java3D organizes 3D objects in a scene into a hierarchy containing 3D rendering canvas, translators, behaviors, geometries, appearances and other nodes.
It is a typical object-oriented simulation of the natural 3D world with rendering optimization functions, such as view based culling, LOD (Lever of details) node. The emergence of Java3D API dramatically increases the ability to display and manipulate 3D objects for the web.
interoperable Distributed Computing
Web-based 3D GIS should be capable of integrating data sources and the application tools residing on different computer machines. Solutions for interoperability of the communication in the distributed environment are demanding challenges for web-based 3D GIS. There are some main problems needed to be researched, such as open systems, data standards, distributed computing architectures and mechanisms, and parallel algorithms.
Data format conversion has been a painful process in GIS community. That is a real fact preventing the geospatial information browsing through multiple servers and clients connected to the Internet.
It has been recognized that standardization for an open data system needs to be developed.
Fortunately, some significant progress have been made on 2D GIS by the Open GIS Consortium (OGC), whereas the work for web-based 3D GIS is just getting start.
Development of network communication among applications distributed on remote machines is another issue.
Java language realizes a remote procedure call (RPC) mechanism referred as Remote Method Invocation (RMI) that can initiate remote procedures on another computer across a network by means of Java serialization techniques.
Unfortunately RMI enables communications only between Java objects [Kahkonen et al., 1999], so Java has been integrated with Common Object Request Broker Architecture (CORBA) which is an objectoriented standard for distributed computing in a heterogeneous environment and is neutral with respect to computing hardware, operating system and programming language by means of object bus technology.
We have realized that the web is indeed a giant computer. How to make the computing resources available on the Internet and overcome the issue of the limited bandwidth remains a challenging question to everyone who wants to use web for computing. From a 3D GIS point of view, we have listed the following issues in our research agenda: compact 3D GIS data structures, efficient and fast data compression, decompression and indexing algorithms for large volume data, real-time 3D rendering as well as parallel geoprocessing algorithms.
System Architecture Design
The system architecture of GeoEye 3D, a web-based 3D GIS, is shown in Figure 1 
POTENTIAL APPLICATIONS OF WEB-BASED 3D GIS IN PIPELINE INDUSTRY
The lifecycle of a pipeline project usually includes several phases, such as a feasibility study, planning and route selection, design, construction, operations and maintenance (Wood, 1995). In this lifecycle, vast amounts of information are acquired from various sources in various formats. Efficient organization, management, analysis and utilization of the collected data and information are crucial for a company to stay ahead of other competitors. We believe that web-based 3D GIS is a powerful information tool.
Centralized Data Repository
There are many different types of data to be dealt with in a pipeline project, such as the common data types widely used being relational attributes, spatial features, drawings, images, surveying data, documents and some events. Most of them are collected into a GIS database in the feasibility study and planning and route selection phases. Sufficient information must be provided in these phases to accurately describe necessary product features, such as right-of-way to landowners, which will shorten the planning cycle with more accuracy.
In the construction phase, a GIS can integrate the data from the project progress reports. These data are important for future analysis, decision and utilization, such as arranging the schedule, and predicting and warning of impeding problems.
In the operation and maintenance phases, there will be more events related to safety, environment and so on, which can also be integrated into GIS databases quickly for regulatory management, litigation management, risk management, i.e. allowing for quick modification of emergency response to adapt to specific incidents, such as fire fighting, spill response, or sedimentation of aquatic habitats.
Remote Access and Responses
Usually a pipeline project covers a wide range of areas involving a lot of private properties as well as various public and government agencies. It involves a significant of workload to respond to landowners' and agencies' requests related to the land.
A web-based 3D GIS allows for efficient response capabilities for providing specific information. The information can be available to the public via the Internet with a visualized presentation, such as imageiy, 2D vector maps, or 3D rendering maps. A detailed and more realistic 3D scene with full interactive functions will help the public understand the project design.
The public can query the attributes in the area of interest. This ability provides a great benefit to pipeline companies especially for those who need to respond and negotiate with foreign governments, or hostile landowners. It is also a nice approach to show the public why the current pipeline location design is best for communities, the environment and the energy business.
In addition, the surveyors, engineers, constructors and operators can also access the GIS databases through the Internet to record their captured data and events remotely. A wireless access to the Internet will even more beneficial in this situation.
2D and 3D Spatial Analysis
Web-based 3D GIS integrates 2D and 3D vector maps, satellite images, attribute data and spatial analysis functions.
In the feasibility study, planning and route selection and design phases, satellite data combined with vector maps and attributes (such as political and socioeconomic information), offer critical insights into cultural and physical conditions that affect the planning and construction of large, complex pipeline projects. Information such as land use, geology and soils, hazards, development, and environmentally sensitive areas can be extracted from satellite imagery, providing accurate and timely data at varying levels of detail to build risk models. Examples of these risk models include the identification of areas prone to forest fires or soil erosion, identification of areas where the impact of air, noise, or water pollution may be significant, and identification of sensitive ecological periods to avoid disruptions such as wildlife migration or fish spawning. The result is a more efficient, higher-confidence route planning process. The 3D terrain model integrated into a GIS can help planners get a more realistic design environment which provides many crucial 3D surface analysis functions, such as the query of the elevation at various locations, measurement of the height and generation of the cross-section along a design line. In addition, an analysis of the surface runoff patterns for erosion management on slopes and watercourses can be done to determine die erosion control structures required, and to compute the area and volumes related to the pipeline project. These functions are very important for construction management of the pipeline project.
GIS technology for pipeline construction, operation and maintenance can be used to perform more tasks (Esri, 1998) mainly including:
• Assisting surveyors in making route adjustments to minimize impact on sensitive or problem areas.
• Identifying normal industrial or agricultural activity to avoid disruptions such as irrigation and harvest season or log hauling.
• Capturing and visualizing essential information on construction materials and equipment combing with GPS, for example, each weld can be precisely located in  3D (x,y,z) coordinates. Attributes of the weld such as welder name, welding rod type, and others can be recorded in association with the location. Information about each pipe section can be recorded and associated with its adjoining welds.
• Estimate the construction progress effectively by analyzing soil data, river crossing, road crossing, or other thematic data.
• Analyzing and locating the emergency, for example, the crack on pipeline.
GEOEYE3D-A WEB-BASED 3D GIS PROTOTYPE
GeoEye3D is a 3D component of GeoServnet, a research prototype developed by the University of Calgary. The goal of GeoServnet project is provide online geocomputing services via the Internet or wireless network.. 
GeoEye3D is a pure

CONCLUDING REMARKS
With the development of Internet and webbased 3D visualization technologies, Web-based 3-D GIS becomes technically possible. This paper describes our efforts on developing a webbased 3D GIS, GeoEye 3D. So far there is no other research work being done on this topic. This makes our research challenging but very exciting. We believe that web-based 3D GIS opens a whole new avenue for applications where 3-D functions and remote access are essential.
The web-based 3D GIS prototype, GeoEye3D, has been developed by the Department of Geomatics Engineering at the University of Calgary using a pure Java solution. This system is based on an advanced client/server model which allows visualization, manipulation and analysis of spatial data such as 3-D terrain, points (e.g., wells), linear objects (e.g., pipelines) as well as solid objects (e.g., buildings). The system is also able to link to various databases for spatial queiy. 3D visualization techniques such as Quadtree and LOD have been developed in order to optimize the system's performance.
The Web-based 3-D GIS technology has been recognized as an innovative progress towards networked decision support. The advantages can be represented throughout the entire pipeline project life cycle from planning, design, construction, and operation to maintenance. The benefits can be summarized as,
•
Effective data integration, visualization and access;
• Flexible and accurate risk modeling and 3-D analysis;
• Public accessibility by 3D immersing and realistic visual media;
• Remotely collaborative decision making for pipeline planning.
